Carmeli's accelerating universe is spatially flat without dark matter 
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Carmeli's 5D brane cosmology has been applied to the expanding accelerating universe and it 
has been found that the distance redshift relation will fit the data of the high-z supernova teams 
without the need for dark matter. Also the vacuum energy contribution to gravity, SIa indicates 
that the universe is asymptotically expanding towards a spatially flat state, where the total mass 
energy density Q + SI a — > 1. 
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I. INTRODUCTION 

The Carmeli cosmology 0, 01 is as revolutionary in its 
implementation as it is in its interpretation. The metric 
used by Carmeli is unique in that it extends the number 
of dimensions of the universe by, either one dimension if 
we consider only the radial velocity of the galaxies in the 
Hubble flow or by three if we consider all three velocity 
components. We will confine the discussion in this paper 
to only one extra dimension as does Carmeli. In that 
case the line element in five dimensions becomes 



ds 2 



(I + -)c 2 dt 2 - dr 2 + (I + — ) T W, (I) 



where dr 2 — (dx 1 ) 2 + (dx 2 ) 2 + (dx 3 ) 2 and $ are \P poten- 
tial functions to be determined. The time (t) is measured 
in the observer's frame. The new dimension (v) is the 
radial velocity of the galaxies in the expanding universe, 
in accordance with Hubble flow. The parameter r, the 
Hubble-Carmcli constant, is a constant at any epoch and 
its reciprocal (designated h) is approximately the Hubble 
constant Hq. 

The line element represents a spherically symmetric 
isotropic universe, and the expansion is the result of 
spacevelocity expansion. The expansion is observed at 
a definite time and thus dt = 0. Taking into account 
dO = d<f> = (isotropy condition) and equation be- 
comes 



-dr 2 + (1 + J)rW = 0. 



II. PHASE SPACE EQUATION 



(2) 



The solution of J5J (given by equation B.38 and solved 
in section B.I0 in |3J) is reproduced here. 



The parameter fi is the mass/energy density of the uni- 
verse expressed as a fraction of the critical or "closure" 
density, i.e. fi = p m /Po where p m is the averaged mat- 
ter/energy density of the universe. In this model, 



Pc 



1(T 29 g cm" 
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Then © may be integrated exactly to get 



r(v) 



sinh (-VT~ fi 



vT^fi 



vn. 



(4) 



Carmeli expanded 10} in the limit of small z — v/c and 
small ft to get 



r = TU (i + (i-fi)JL 



(5) 



— = z\ 1 

CT 



z 2 

n >lf 



V0<1,2<1. (6) 



Thus we can write the expansion in terms of normal- 
ized or natural units r/cr. Equation © is plotted in fig. 
Q]for various values of SI = 1,0.24 and 0.03. Let us now 
re- write (@J in terms of natural units and for small z but 
arbitrary fi, and we get 



r 

CT 



(7) 



Equation (Q produces curves almost indistinguishable 
from so this verifies that the approximations work 
well for z < 1. 



(3) 
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III. DENSITY VERSES REDSHIFT 

Now let us consider what happens to the density of 
matter as we look back in the cosmos with redshift, z. It 
was assumed in fig. ^that the value of fi is fixed for each 
curve. Carmeli does this also in figure A4, page 134 in 
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FIG. 1: Plot of @, r/cr vs redshift (z) for ft — 1 (broken 
line), ft = 0.245 (solid black line) and ft = 0.03 (solid grey 
line) 
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FIG. 2: Plot of with ft = 1 (broken line) and ft = 0.245 
(solid black line) and © with fto = 0.03 (solid grey line). 
Note: the top two curves lay on top of each other 



However, more correctly ft varies as a function of z. 
For flat space we assume the following relation to hold, 



Pm 

Po 



fl 



(8) 



where p m is a function of the redshift z, and po is the av- 
eraged matter density of the universe locally (z w 0). The 
parameter fto is then the local averaged matter density 
expressed as a fraction of "closure" density. Equation 
© results from the fact that as the redshift increases 
the volume decreases as (1 + z) 3 . Notice at z = 1 that 
the universe is 8 times smaller in volume and therefore 8 
times more dense, that is, at z = 1, ft = 8Qq. 
Substituting JSJ) into Q we get 



r 

CT 



sinh 



(Vl-^o(l + ^) 3 ) 



(9) 



Carmeli was able to simulate the form of the 0.1 < z < 1 
redshift data of Q published in 1998 which announced 
an accelerating universe following the observations of 0, 
@. See figure A4, page 134 in But in fact he had 
predicted this in 1996 lj. So this means that Carmeli 
assumed a value of total matter (normal + dark matter) 
density ft = 0.245, which was the accepted value in 1998. 

Now let's plot with ft = 0.245 and © with 
Oo = 0.03. See fig. [21 This means that my modi- 
fied equation © with fto = 0.03 gives the same result 
as Carmeli's unapproximated equation J7J) with his as- 
sumed value of ft = 0.245, but that included dark mat- 
ter. In fact, comparing (JJJ and ©, a local matter density 
of only ft = 0.03-0.04 is necessary to have agreement. 
This effectively eliminates the need for the existence of 
dark matter on the cosmic scale. 



Tabic I shows the critical data from the comparison 
at redshifts between z = 0.25 and z = 1. It can be seen 
that the difference between the two equations over the 
domain of the measurements is much less significant than 
the fit to the data. If we assume fto = 0.04 instead of 
fto = 0.03, since both are within measured parameters, 
we get closer agreement at smaller redshifts but worse 
near z = 1. 



In any case Q and © must be modified as z — » 1 
to allow for relativistic effects, by replacing v/c with the 
relativistic form ? = v/c = ((1 + zf - 1)/((1 + z) 2 + 1). 
Therefore we can re-write and © respectively as 



CT 



sinh (^x/T - ft) 

7r = n 



(10) 



and 



r 

CT 



sinh (^l-ft (l + ^) 3 ) 
^l-fl (l + zf 



(11) 



where the varying matter density has been taken into 
account. In fig. |3J (|10|) and (|llf) are compared. The 
density approximation may be no longer valid past z = 1 , 
because it is shown below that the vacuum energy term 
dominates and the universe is far from spatially flat. 
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TABLE I: Comparison of equations Q and © 



Redshift z 


0.25 0.5 0.75 1.0 


r/cr from (EJ> with $7 = 0.245 
r/cr from © with f2 = 0.03 
% difference with ft = 0.03 
% difference with ft = 0.04 


0.251984 0.515984 0.804591 1.13157 
0.252459 0.518935 0.810416 1.13157 
0.19 0.57 0.72 0.00 
0.17 0.43 0.23 1.28 
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FIG. 3: Plot of JTUJ with Q = 0.245 (solid curve) and iJTTJ 
with J7o = 0.03 (broken curve). Note: the two curves separate 
for z > 1.2 
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FIG. 4: Plot of tEJ (solid curve) and lfT3jl (broken curve). 
Note: the two curves intersect at z = 1 where i?o = 
70 km s" 1 Mpc -1 



IV. HUBBLE PARAMETER 



DARK ENERGY 



Based on the above analysis we can rewrite equation 
A. 54 from [3j for H as 



H = h ^1 - (1 - O (l + zn—j Vfi, z < 1, (12) 

which according to equation A. 51 from |3j may be fur- 
ther generalized without approximation, and using the 
relativistic form of the redshift. Still that equation may 
only be approximate for z > 1 because of the density 
assumptions. However it becomes 



H 



sinh£ ' 



(13) 



where £ = {i±^ y/l - fi (l + zf. 

Both H12|l and (|13[) have been plotted in fig. 
for Carmeli's chosen value of Ho w 70 fcm s^ 1 
at z = 1 in (JT2J> yields h ps 80.2 fcm s _1 
(very close to Carmeli's value) but (| 1 31) yields h 
73.27 fcm s^ 1 Mpc^ 1 . This means without the small z 
approximation the value of h is reduced when compared 
to that in [3j . 



H and 

Mpc' 1 
Mpc' 1 



The vacuum or dark energy parameter does not 
appear explicitly in Carmeli's model. It is only by a 
comparison with F-L models can an assignment be made. 
On page 138 of by comparing with the standard model 
it is shown that Q,a = (Ho/h) 2 , therefore we can write 



n A 



( i 



\ sinh £ 



(14) 



From Qll[l it is expected that using the unapproximated 
equation (fT3fl for H the value of SIa will be larger than 
Carmeli's value using the form of ©. Fig. [5] shows the 
values for the vacuum energy density (broken curve) 
and for the total energy density f2 + £Ia (solid curve) as 
a function of redshift, z. From (|14|) it follows that as the 
universe expands the total density tends to the vacuum 
energy density Qa — > 1 (since flo — > 0). This means 
a totally 3D spatially flat universe in a totally relaxed 
state. 

For small z the total density becomes 



Q + il A « (1 + O ) +3zf2 . 



(15) 
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FIG. 5: Plot of S7a (broken curve) and total density + Qa 
(solid curve) as a function of redshift z. Notice that f^A tends 
to unity as z tends to zero and the total density tends to the 
local matter density flo plus the vacuum energy density Qa 

It follows from l|15(l that for Slo = 0.03 at z = the total 
density fl + Ha ~ 1.03. This value is consistent with 
Carmeli's result of 1.009. However, it follows from (jHJ) 
and (|15|l that the universe will always be open, Q < 1 
as it expands. From fig. [5] the total density £1 + Ha is 
always greater than unity and as the universe expands, 



it asymptotically approaches unity — therefore a spatially 
flat universe devoid of dark matter. 



VI. CONCLUSION 

The 5D brane world of Moshe Carmeli has been has 
been applied to the expanding accelerating universe and 
the redshift distance relation has been generalised for red- 
shifts up to at least z = 1.2. It has been found that if a 
certain form of the dependence of baryonic matter den- 
sity on redshift is assumed then the resulting distance- 
redshift relation will approximate the form of the data 
of the high-z supernova teams without the need for dark 
matter. 

Even though it docs not explicitly appear in the 
Carmeli spacevelocity metric, the vacuum energy con- 
tribution to gravity, fl\ tends to unity as a function 
of decreasing redshift. Also since the baryonic matter 
density Hq — > as the universe expands, the total 
mass/energy density H + fl\ — > 1. This indicates 
that the universe, though always open because Q < 1, 
is asymptotically expanding towards a spatially flat state. 
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